other diseases; thus, most patients are diagnosed only during the chronic phase. 5 Among the most common clinical manifestations during the chronic phase, cardiomyopathy affects about 30% of patients, usually in a period of 5-30 years after the acute infection. Of these, one third may have a severe form involving ventricular dysfunction, heart failure and arrhythmia, which may lead to death. Digestive disorders occur in about 5%-10% of patients, whereas 60%-70% of patients remain asymptomatic throughout the chronic phase. 1 The CD4 + T lymphocytes are the most important immune cells against T cruzi. Cytokine production by these cells is able to set up an effective immune response, which serves to control the parasite infection as well as define the different stages and clinical manifestations of the disease in humans. 6 Dendritic cells play an important role in the orchestration of this response. When stimulated with T cruzi, they release IL-12, which enables differentiation of CD4 + T cells in the immune Th1 response pattern. On the other hand, these cells produce IFN-γ, which activates the mechanisms of cellular adaptive immunity against intracellular pathogens. Macrophages are activated by this cytokine and act to produce oxidizing species and phagocytize infectious agents, culminating in their elimination.
7-10
The Th1 cells also appear to act on the differentiation and activation of CD8 + T lymphocytes. 11 The CD8 + T lymphocytes have a protective role during T cruzi infection, since they destroy cells infected by the parasite; however, they are responsible for the cytotoxicity against host cells, causing cytolysis and fibrosis, and the destruction of cardiac myofibers.
11-13
It is unquestionable that adaptive immune response is responsible for the arrangement of T cruzi infection control. On the other hand, the effector mechanisms triggered by these cells involve the effective participation of innate immunity components, mainly macrophages and neutrophils. Furthermore, the initial recognition via pattern recognition receptors (PRR) of the pathogen-associ- 
| HOW DO NEUTROPHIL S PARTI CIPATE IN THE IMMUNOPATHOG ENE S IS OF CHAG A S DIS E A S E?

| Neutrophils
Neutrophils are professional phagocytes that represent about 50%-70% of the circulating leukocytes in humans. They are the F I G U R E 1 Role of neutrophils in Trypanosoma Cruzi infection. Neutrophils are recruited to T cruzi-infected tissue, primarily via IL-17. At this site, these cells interact with the parasite antigens, mainly via TLR, and once activated they start to perform their effector functions: phagocytosis, degranulation and production of reactive oxygen species, thus promoting parasite destruction. In response to T cruzi interaction, neutrophils also produce and release Neutrophil Extracellular Traps (NETs), which affect infectivity/pathogenicity of the parasite; cytokines and inflammatory mediators, such as TNF, IL-1 and MMP-9; and anti-inflammatory molecules, such as IL-10, TGF and MMP-2 that may play an immunoregulatory role in T cruzi infection. MMP-2, matrix metalloproteinase-2; MMP-9, matrix metalloproteinase-9 earliest leukocytes to migrate to the inflammation site and thus essential cells to the acute inflammatory response. 17 One of the first studies performed in patients to investigate this relationship verified the presence of peripheral blood neutrophils with altered nucleus morphology from a conventional multi-lobulated form to a ring shape. It is interesting that this morphology is also found in healthy individuals, but in a smaller amount than in patients with CD. 24 This was undoubtedly strong evidence that neutrophils have a role in CD, opening doors for further research.
Studies of the same contemporaneity have shown that the presence of eosinophils and neutrophils in cardiac lesions in CD patients is correlated with the severity of the disease. 25 In addition, when stimulated by the amastigote form of T cruzi, neutrophils are capable of causing destruction of cardiac cells 26 and may cause the death of trypomastigote forms of T cruzi by antibody-dependent cell-mediated cytotoxicity, 27 reinforcing the observations found in histological samples from CD patients. Nevertheless, Voltarelli and collaborators demonstrated that neutrophils from patients with CD exhibit less chemotactic capacity, as well as lower efficiency to produce reactive oxygen species. 28 The largest amount of cellular infiltrate in the myocardium of CD patients is lymphocytes, especially CD4 + and CD8 + T cells. However, in a lesser but still important amount, macrophages, eosinophils and neutrophils are found. 29 It is evident that specific immunity is primarily responsible for parasite control. However, it is undeniable that CD immunopathogenesis may be related to several factors, such as parasite persistence, autoimmunity and nonspecific immunity of innate immunity cells, mainly macrophages and neutrophils. 
| TLR-Trypanosoma cruzi interaction
Neutrophils express Toll-like receptors 1, 2, 4, 5, 6, 7, 8 and 9. 34, 35 It is described in the literature that macrophages, by means of TLR4, are able to recognize structures such as glycoinositolphospholipids (GIPLs), while TLR2 and TLR6 recognize glycosylphosphatidylinositol (GPI), both components of the T cruzi cell membrane. 36 On the other hand, in dendritic cells, TLR9 recognizes oligonucleotides with unmethylated CpG motifs that are present in genetic material of T cruzi. 37 The interaction between pathogens and TLRs in neutrophils is one of the main sources of signals for activation of intracellular signalling cascades and production of inflammatory mediators such as chemokines, thereby recruiting acquired immunity cells and enabling the amplification of the inflammatory response. 38 Furthermore, signalling via TLRs can activate signalling pathways in neutrophils leading to phagocytosis, production of ROS, release of cytoplasmic granules, and production and release of NETs, leading to antigen processing and presentation, mainly by MHC class I, to professional antigen-presenting cells (APC). 39 The role of NET formation in the host response to nonbacterial pathogens is not well 
| Mechanisms that neutrophils use to eliminate and modulate Trypanosoma cruzi infection
Phagocytosis, production of ROS, release metalloproteinases and NET formation Foreign body engulfment is essential for neutrophils to eliminate infectious agents. 40 When neutrophils encounter an infectious agent, these cells phagocytose it, perform their effector functions and then are recognized by resident macrophages that phagocytose them in the attempt to solve the infectious/inflammatory process. After three hours of incubation of the T cruzi amastigote form with neutrophils from healthy individuals, these cells are able to interact with the protozoa, phagocytose them, and destroy about 90% thereof. 41 The mechanisms that neutrophils use to kill the amastigote form of T cruzi, in its phagolysosome, are triggered by myeloperoxidase and oxygen metabolites. 41 Additionally, these cells, stimulated with T cruzi or with soluble extract of this parasite, produce and release
NETs after activation of TLR2 and TLR9, as described in the previous section, and consequent production of ROS. The NETs imprison the parasites; although they do not interfere in the parasites' viability, they do affect their infectivity and pathogenicity. 39 In the vector infection, the parasites can be benefited at the entrance door of the infection; triatomine salivary proteins bind with great affinity to prostanoid TXA2 (thromboxane A2), proteins that also mediate the formation of NETs, inhibiting this process. This suggests that these proteins are a mechanism of coevolution. 42 Neutrophils of patients with the chagasic cardiac form, incubated in vitro with T cruzi, have a greater capacity to phagocyte the parasites than neutrophils of individuals with the indeterminate form of the disease. 43 On the other hand, Gomes and collaborators found that neutrophils from patients with indeterminate and cardiac forms did not present differences in phagocytosis in relation to healthy individuals, but regardless of their steady T cruzi phagocytic capacity; neutrophils from IND patients displayed a lower ability to produce cytokines, such as IL-17, IFN-γ, IL-4 and IL-10, in the presence of autologous plasma. 44 The differences found in both groups, with relation to phagocytosis, reinforce how complex the experimental study involving patient samples is. However, independently, the two groups showed that neutrophils are able to recognize, phagocyte and eliminate T cruzi.
One of the main functions related to neutrophils is the accentuated capacity that these cells have to produce, both in phagolysosome and in extracellular space, reactive oxygen species (ROS). 45, 46 It is not antigen specific and may cause damage to tissues adjacent to the infection/inflammation. In CD, it is interesting to note that antioxidant/oxidant imbalance is important for prognosis of the disease.
The myeloperoxidase enzyme (MPO), levels of lipid peroxidation (LPO) and the amount of nitrite can be used as excellent biomarkers for the diagnosis of seropositive chagasic individuals. 47 In addition, animals infected with T cruzi and treated with apocynin, an inhibitor of the enzymatic complex of NADPH oxidase, which is the main enzyme involved in the production of ROS in phagocytes, had a reduction in myocarditis. 48 On the other hand, mice deficient in NADPH Exogenous expression of NRF2 or HO-1 also reduced macrophage parasitism, suggesting that ROS may function like a signalling molecule contributing to T cruzi growth inside the cells. 51 The parasite persistence in the heart muscle can promote tissue damage caused by ROS. This is also a factor that may cause autoimmunity, since ROS induce antigen spreading. and transforming growth factor (TGF-β), favouring replication of the parasite. On the other hand, macrophages from the C57BL/6 mice strain co-cultured with inflammatory neutrophils produce mediators such as TNF and nitric oxide (NO), culminating in the parasite elimination. 33 These observations show that resistance or susceptibility to infection in both animal models is the result of participation of neutrophils, not excluding other mechanisms that may be involved in this process. Neutrophils can modulate T cruzi infection due to apoptosis; human neutrophils when stimulated with different strains of the parasite are activated and enter apoptosis. 59 These in vitro data suggest that neutrophils may play a role in the regulation of T cruzi infection.
One important group of cytokines in CD is the IL-17 family cytokines (IL-17A-IL-F). 31, [60] [61] [62] In general, they play a key role in the assembly of the effector immune response against extracellular infectious agents. The IL-17 family cytokines contribute to achieving this mainly through their intense recruitment of neutrophils to the inflammatory site, due to induction of molecule secretion such as granulocyte colony-stimulating factor (G-CSF), granulocyte-macrophage colony-stimulating factor (GM-CSF), chemokines such as CXCL1 and CXCL2, and cytokines such as IL-6, TNF and IL-1.
63
Regarding intracellular pathogens like T cruzi, the role of this family of cytokines is somewhat confusing, perhaps due to variations in experimental procedures precluding coherence between the results. However, it has been shown that using the IL-17 neutralization technique, produced during the infection of mice with T cruzi strains, is responsible for controlling resistance to infection by regulating T-cell differentiation, cytokine and chemokine production, and parasite-induced myocarditis. 60 Similarly, IL-17A −/− animals have lower survival rates when compared to wild animals after T cruzi infection.
This decrease in survival is accompanied by an increase in parasitemia levels in several peripheral organs, and neutrophilic enzyme activities were lower in these animals. Experiments of depletion and adoptive transfer of neutrophils showed that, during T cruzi infection, IL-17RA is required for the recruitment of neutrophils that destroy the parasite, and regulate inflammatory responses and collateral tissue damage by secreting IL-10. Therefore, IL-17RA regulates IFN-γ production and tissue damage, at least in part, by recruiting regulatory IL-10-producing neutrophils during T cruzi infection. 31 In this way, IL-17F might be important for proper neutrophil activation required for killing the T cruzi and this effect is dependent on the neutrophils.
In addition to performing their basic functions, neutrophils are capable of producing cytokines and mediators of inflammation. 69 CD patients have neutrophils capable of synthesizing cytokines such as IL-1β before and after in vitro stimulation with T cruzi at higher neutrophil concentrations than healthy subjects. However, the TNF-α level is higher, ex vivo, when neutrophils come from cardiomyopathy patients, compared with levels of this cytokine when neutrophils are obtained from individuals with the indeterminate form of the disease. 44 These cytokines are important in activating the Th1 response against T cruzi as mentioned previously.
The suppressive role of neutrophils has been recognized in recent years, mainly through the description of myeloid suppressor cells. 70 Besides producing inflammatory cytokines, neutrophils secrete IL-10, an anti-inflammatory cytokine, in response to some pathogens, such as Paracoccidioides brasiliensis 67 and Yersinia enterocolitica 65 ; and soluble components of pathogens such as lipopolysaccharide (LPS) 66 and live T cruzi. 31 These may be the mechanism that prevents exacerbation of the inflammatory Th1 pattern, showing high levels of IL-1 and TNF production in animal models of acute infection. In these animals, absence of the IL-17RA receptor prevents neutrophils from migrating to the infected liver, thereby exacerbating the inflammatory process. Production of IL-10 by neutrophils may be the mechanism that explains this finding. 31 Recent studies show neutrophils with ring-shaped nuclei associated with various solid tumours. Cancer patients, as well as animal models of neoplasia, have circulating neutrophils with different nuclei forms, since cells with high nucleus segmentation to cells with ring-shaped nucleus. 71, 72 Since this last characteristic is common to immature neutrophils, it is assumed that components secreted by tumours, and possibly by inflammation caused by an infectious agent, could cause premature release of neutrophils from bone marrow. 72, 73 In CD, neutrophils with ring-shaped nucleus have been reported since the 1980 s in the peripheral blood of patients. 24 Recently, Rodríguez and collaborators showed a higher number of neutrophils with ring nuclei in Chagas positive serology, in 2-hour cultures, than in blood cells of healthy individuals. They also observed NETs in neutrophils with ring nuclei. 74 It is speculated that if these neutrophils are released early from bone marrow, due to conditions provided by the tumour and/or inflammatory microenvironment, not suffering total differentiation, and thus performing functions that under conditions of maturation and adequate release from the marrow, these cells would not perform. 
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